Introduction
The unique optical properties of semiconductor quantum dots (QDs) nanocrystals such as their broad absorption and narrow symmetric emission spectra, high surface-to-volume ratio, superior photostability and multiplex colour potentials and the injection of a second cationic precursor (for example Cd 2+ ) produces the ternary nanocrystal. For the latter, a zinc blende crystal structure was reported [23] while the former produces a hexagonal crystal structure [22] . Regardless of which of the two methods is adopted, a general requirement to obtain satisfactory optical properties is to ensure that both the core and shell materials crystallize in the same structure.
While most research has focused on studying the optical effects of passivation of shell layers on non-alloyed core QDs with low PL QY [24-27], little is known of the optical effects of passivation of shell layers on alloyed core QDs exhibiting high PL QY (>50%). In our research group, our focus has been on studying the optical properties of shell materials overcoated on ternary alloyed QDs exhibiting high PL QY. Recently, passivation of shell layers on alloyed ternary CdSeS QDs has been of interest to us. In this work, we report for the first time on the deposition of alloyed CdSeS has been documented in literature. However, this work is the first reported passivation of an alloyed ZnSeTe shell with a mismatch anion pair onto alloyed core QDs. We have harvested a single nanocrystal size of each of CdSeS, CdSeS/ZnSeTe and CdSeS/ZnSeTe/ZnS and studied their structural and optical properties.
Experimental Section

Materials
Trioctylphosphine oxide (TOPO), cadmium oxide, sulphur, zinc powder, 1-octadecene (ODE), tellurium powder, L -cysteine and oleic acid (OA) were purchased from Sigma Aldrich. Methanol, acetone, selenium powder and potassium hydroxide were purchased from Merck. Solutions of the QDs were prepared with ultra pure water obtained from a Milli-Q Water System. (range 0 to 100 ns) was at the maximum of the emission peak. Data analysis was performed using the Fluofit program (Picoquant GmbH).
Synthesis of the QDs
One-pot pyrolysis of hot-injection organometallic precursors was employed to 
Results and discussion
Fabrication and purification strategy
Scheme 1 shows the one-pot organometallic hot-injection synthetic route and ligand exchange reaction employed in the fabrication of the QDs. The molar composition of Se, Te, Zn and S were maintained throughout the synthetic process. The nucleation and subsequent growth of CdSe during the initial mixing of TOPSe into the Cd-OA solution was rapid and this was reflected by the sudden change in the colour of the reaction mixture from colourless to red within 3 s of injection of TOPSe precursor, and it then turned rapidly deeper red to indicate the growth of the CdSe core. The initial rapid growth was followed by a slow growth phase of the nanocrystal.
Preliminary investigations showed that it was more appropriate to add the Se precursor before the S precursor, as we found that TOPSe was more reactive to the Cd-OA solution than S. Hence, based on our synthetic approach, CdSe binary QDs were formed before forming the alloyed CdSeS QDs. CdSeS/ZnSeTe to that of CdSeS, it is clearly evident that the diffraction peaks of CdSeS/ZnSeTe also shifted slightly to a higher Bragg angle and hence confirms the formation of the core/shell structure. Formation of CdSeS/ZnSeTe/ZnS QDs did not induce any noticeable shift in the diffraction peak. It is important to note that such a lack of peak shift upon passivation with a ZnS shell has also been reported in the literature for a ZnS passivated CdTe/CdSe surface [11]. (Table 1) . For the core CdSe QDs, two distinct excitonic peaks were observed which indicated a band edge type of absorption feature. A similarity with respect to the absorption spectrum of CdSe QDs was observed for the alloyed CdSeS QDs. The only difference between the excitonic peaks of CdSe and CdSeS is that for the later, the excitonic peak in the high energy region is broadened in comparison to CdSe. (Fig. 3) . The broadening of the excitonic peaks could be due to increased delocalization of the exciton in the core as the shell layers were formed [36] .
Optical properties
Formation of alloyed CdSeS, CdSeS/ZnSeTe and CdSeS/ZnSeTe/ZnS induced a red-shift of the PL emission wavelength of the QDs (Fig. 3 and Table 1 Formation of CdSeS/ZnSeTe core/shell decreased the PL QY significantly to 5.2% which implies that surface defects led to the creation of nonradiative recombination in the core/shell interface. The significant decline in the QY of the core/shell QDs may also be due to the anisotropic shell growth with reference to the TEM image (Fig. 1B) which indicates that the shape of the nanoparticle was highly heterogenous.
The shell growth may have induced strain or dislocation at the CdSeS→ZnSeTe heterointerface. In addition, the mismatch Se and Te pair in the ZnSeTe layer could also play a role in creating defect states in the core/shell structure. Hence, we can attribute the red-shift in PL emission of CdSeS/ZnSeTe to be a strain-induced shift To further understand the mechanism of strain tuning, we have employed the theory of Smith et al [14] to critically probe our core/shell system. We hypothesize that rather than the core/shell QDs forming a concentric sphere, the nonspherical shape of the QDs revealed via TEM analysis indicate that a concentric cylinder was formed
. We further hypothesize that as the ZnSeTe shell was coated around the alloyed core, the strain energy may have been equal to the energy required to induce a lattice mismatch defect. Hence, the optical properties of the core/shell QDs favoured both a strained-induced formation and a lattice-induced defect.
Overcoating of an additional ZnS shell layer around the alloyed CdSeS/ZnSeTe surface improved the PL QY dramatically to a value of 58.7 %. The sharp increase in the QY for CdSeS/ZnSeS/ZnS QDs is quite intriguing and provides direct evidence that the surface of CdSeS/ZnSeTe was well passivated with the ZnS shell, hence the defect states were minimized. The homogenous display of the particle size distribution of the QDs as evident from TEM analysis (Fig. 1C) to provide a clearer picture of the decay rates (Table 1) .
Stability of the QDs.
The stability of QDs is one of the essential parameters used to judge their quality. is needed to fully demonstrate the photostability of these QDs. 
